Clostridium perpingens, the first pathogenic clostridium examined, was placed in the nonmycoplasma subgroup of the low-dG+dC-content gram-positive cluster on the basis of the results of a phylogenetic analysis in which we used 16s rRNA comparisons. The closest relative that has been identified to date is Clostridium pasteurianum .
Clostridia are obligately anaerobic, gram-positive, sporeforming, rod-shaped bacteria that belong to a large and somewhat heterogeneous taxonomic group. These longstudied eubacteria have interesting properties, ranging from organic solvent production (concomitant with intriguing metabolic developmental stages) to devastating clinical conditions caused by the synthesis of some of the deadliest toxins known.
Within the genus Clostridium, this heterogeneity is reflected by various physiological and biochemical characteristics, including ambiguous Gram stain reactions and genomic dG+dC contents that vary from 24 to 58 mol% (2). Recent work based on 16s rRNA analyses has indicated that the clostridia make up a major subgroup within the grampositive eubacterial phylum (4, 15) .
Clostridium perjhngens is a commensal of humans and animals. The natural habitat of this organism is intestinal tracts, and under appropriate circumstances the bacterium can produce a wide variety of illnesses, ranging from enterotoxemia to the more serious condition invasive gas gangrene (8) . Pathogenicity has been attributed mainly to the release of highly destructive exotoxins, which constitute the basis for dividing the species into serotypes (3, 8) .
Recently, a genome map has been constructed for the type A reference strain, C. perfnngens CPN5O (1). Among the genes and functional loci identified on the 3.6-megabase genome were the operons that encode rRNA, and these operons were subsequently characterized at the molecular level (5).
On the basis of 23s rRNA homologies and the results of 16s rRNA cataloging analyses (4, 6, 10, 15), the genus Clostridium has been divided into four clusters (clusters I through IV) (4,6,10,15), which lack obvious cluster-specific physiological or biochemical traits. However, on the basis of the results of 165 rRNA sequence analyses, none of the three major pathogenic clostridia, C. botulinum (cluster I), C. pemngens (cluster I), and C. tetani (cluster 11), has been placed in one of these subgroups; this is also true for the nonhistotoxic pathogens (e.g., C. sporogenes [cluster I], C. dijqicile, and C. tertium [cluster 111) which occasionally occur in patients with similar necrotic diseases. To begin to address the question of evolutionary relatedness among these important pathogens, we analyzed and compared the 16s * Corresponding author.
rRNA sequence of C. perfrzngens with all previously published rRNA eubacterial sequences (about 370 sequences aligned on the basis of conserved domains and secondary structure). Molecular cloning and sequencing of the complete 16s rRNA gene, rrs, from the rmB operon have been described recently (1, 5) (GenBank accession number M69264). In a first approach, conserved domains (positions 1 to 67, 101 to 150,171 to 180,220 to 436,500 to 577,752 to 820,880 to 995, 1044 to 1117, 1156 to 1238, and 1299 to 1429 of the Escherichia coli sequence) were aligned, and a phylogenetic analysis was performed; in this analysis representatives of all of the eubacterial phyla (and their subdivisions) as defined by Woese (15) were included. The results of this study, in which the neighbor-joining distance matrix method of Saitou and Nei (9) was used, led to the affiliation of C. perfnngens with the low-dG+dC-content subgroup of the gram-positive phylum as defined by Woese and coworkers. Additional phylogenetic studies that were restricted to sequences of bacteria belonging to this group showed that C. perfnngens is part of a distinct cluster that contains several other Clostridium species (Fig. 1) . The alignment of the rRNA sequence of C. perfnngens was then refined in the most variable domains for bacterial sequences belonging to this cluster.
The apparently monophyletic Clostridium cluster containing C. pasteurianum (Fig. 1) was consistently located as an early radiation at the base of the low-dG+dC-content cluster. Both this early radiation and the fact that the dG+dC contents of these clostridia have been reported to vary from 24 mol% (C. perfrzngens) to 58 mol% (C. barkeri [ll] ) suggest that these clostridia could be placed in an independent group that is closely related to the low-dG+dC-content bacterial cluster. The grouping of these species in a single monophyletic unit can also be inferred from a striking molecular signature in the form of a loop deletion at the positions equivalent to positions 455 to 479 of the E. coli sequence (a region not included in the phylogenetic analysis), whereas none of the previously published sequences for bacteria belonging to the low-dG+dC-content cluster had such a deletion. This was true even for C. barkeri, although this organism does not belong to any of the homology groups of Johnson and Francis (6) and shares two characteristics (acetate synthesis and murein structure) with Eubacterium sp. (12, 13) . In contrast, this deletion is present in bacteria belonging to other subgroups (for example, Heliobacterium C . sticklandii C . amimvalericum chlorum). The sequence alignments in this region are shown in Fig. 2 (equivalent to E. coli positions 455 to 479). Two sequences of Clostn'dium species belonging to another cluster were included as evidence of a specific deletion. Table 1 shows the evolutionary distances calculated for each sequence pair, and these distances were used to construct the tree in Fig. 1 by using the neighbor-joining procedure. Both types of data, as well as direct visualization of the aligned sequences, show clearly that C. pasterianum is the closest relative of C. perfhngens that has been identified to date. Similar conclusions were drawn from the results of competition hybridization experiments in which 23s rRNA was used as a probe by Johnson and Francis (6). Our findings provide the first phylogenetic classification based on an analysis of the 16s rRNA sequence of an important human pathogen belonging to the genus Clostridium. Our results are in agreement with those of previous workers (6, 12, 13) and, taken together with the data of Tanner et al. (12, 13) , exclude the C. barkeri branch from the clostridial tree. All four homology groups (clusters I through IV) that are based on both 23s rRNA reassociation data and phenotypic traits have representatives in the true clostridial a Evolutionary distances were calculated by taking into account the positions that were aligned with certainty and showed no signs of multiple substitutions (i.e., one base accounted for 50% of the positions considered) and by using the Jukes-Cantor formula (7).
branch of our tree. However, C. rumosum (cluster 111) and C. innocuum (cluster IV) are not included, a finding apparent in previous studies (6, 12-14), because of their lack of 23s rRNA homology with the other bacteria in their respective groups. 
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